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PROCESS FOR PRODUCING BIOCOMPATIBLE SURFACES 

The present invention generally relates to an improved process for treating a 
surface in order to inhibit or prevent the sur&ce from causing blood to clot or 
coagulate on or at the surface as well as novel compositions used in the pracuce of 
the improved process. The present process is particularly adapted for coatmg 
polymeric or metallic surfaces which directly contact blood and blood products wrth 
heparin. 

•r ACTCGHOUND 

Surfaces of medical devices that are in direct contact with blood and blood 
products have been treated with surface modifying agents, such as hepann, m order 
to make such surfaces nonthrombogenic. For example, the blood contactmg 
^ of devices such as blood oxygenators, blood pumps, catheters, and tubmg 
my be «ated with heparin or heparin derivatives to prevent clotting or clot 
formation related to surface contact with blood or blood products. 

Several methods for preparing heparin treated surfaces have been reported. 
Specifically, U.S. Patent No, 4,613,665 and 4,810,784 report a process to attach 
heparin to substrates. The reported process degrades a polysaccharide 
antithrombogenic agent such as heparin by diazotation to give fragments when 
react whh primary amino groups of the substrate to form intermediate Schifis' base 
conjugates. The intermediate conjugates are then reduced to covalently bind the 
fragments to the support. This process is limited, in part, because the diazotauon 
step degrades the polysaccharide in order to form the reactive fragments that bond 

25 to the substrate. 

In addition, U.S. Patent No. 4,565,740 reports a surface modmed to mclude 
heparin where the substrate is first treated with a polymeric cationic surfactant and a 
dialdehyde crossUnker, then treated whh an anionic compound and finally treated 
^ diazotized heparin and sodium cyanoborohydride. In the first step of the 

30 n ^P^tea-i^««-i»^ W, « tal,Ma,ta 
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^ From*,* group, glutaraldehyde is expressly identified. This process ■ 
be toted because of the use of reagents which may be toxic, haz^dous or ddlta* 
to handle For instance, glutaraldehyde ,s an irritant with a threshold limit value 
cB,, of 0.2 ppm in *. Similarly, U.S. Patent No. 5,049,403 reporu a surface 
5 .nodified to include heparin where the surface is treated with a polyamine and then 
crossed with crotonaldehyde. Crotonaldehyde » *o difficult to work wrth 
because h is a lacrimator which is highly irritating to eyes, skin, and mucous 
membranes. Thus, all of the methods referred to above employ agents that requtre 
special handling and care which may limit their general applicability. 
10 Further, U.S. Patent No 4,326,532 reports a layered substrate coated wnh 

chitosan which is reacted with an antithrombotic agent such as heparin. The 
heparin is added to a layer of chitosan which is applied to an acid oxidaed or 
pluroa etched hydrophobic surface and then, if needed, the heparin is bonded to the 
chitosan ustng sodium cyanoborohydride. The need to etch or acid-oxidoe the 
15 surf.ee of the substrate also serves to inhibit the general applicability of tins 
process. 

A need exits for a process to prepare heparinized surfaces wmch uses 
reagents which are easy to handle and are not toxic or hazardous to use. A 
desinble process would allow the use of biologically active material wrthout 
20 degruiing or otherwise altering the biologic*! activity of the active rruierial when .t 
isusedtomodifythesurfaceofasupport In addition, a need exists for a process 
which is adapted for use with many different types of surfaces which does not 
require degradation or alteration of the surface. 

^i^abv m THE INVENTION 
The present invention provides a process to prepare a biocompatible surface 
which is netted by adding a biologically active or antithrombotic agent to the 
surftce in order to inhibit or prevent blood coagulation. This process includes a 
priming sequence of contacting a aurface with a solution of a water soluble 
30 polygene an^ne having an average molecular weight of between about 
1,000-100,000 and a water soluble diepoxide of the general formula 

-2- 



25 



WO 96/37241 



pCI7tJS96/05893 



o a 

CH,-CH— CHj-R,- CH2-CH— CH 2 



5 where * is -0-(CH,VO- and . ,s 2-3 or -(O-CH.CHiVO-and b i. 2-100 » a 
citable buffer to give a first primed surf** and contacting the first primed surface 
with a buffered solution of an anionic compound such as dextran sulfate to grve a 

second primed surface. 

After the surface has been primed, a biologically active or antithrombotic 
10 agent, preferably heparin, is added to the surface by contacting the second primed 
surface with a polygene amine having an average molecular weight of between 
about 1 000-100,000 in a suitable buffer to give a third primed surface and then 
contacting the third primed surface with a buffered solution of the biologically 
active or antithrombotic agent and a reducing agent to covalentry bmd the 
15 antithrombotic agent to the primed surface. 

One embodiment of this invention includes: 

0 contacting a surface with a basic aqueous solution of about 
0 001-0 5 wt.%, preferably 0.2 wt.%, polyethylene imine having an average 
molecular weight of about 50,000-60,000 and about 0.01-1.0 wt.%, pnfari* 
20 0 1 wt %, ethylene glycol diglycidyl ether at a temperature of between 20-50-C, 
preferably room temperature, for about fifteen minutes to give a first pruned 
surface, 

H) contacting the first primed surface with an acidic aqueous soluuon of 
about 0 001-0.1 wt.%, preferably 0.03 wt%, dextran sulfate at a temperature of 
25 between 20-50»C, preferably room temperature, for about five minutes to give a 

second primed surface, 

m contacting the second primed surface with a basic aqueous solution 
of about 0.001-0.5 wt.%, preferably 0.2 wt.%. polyethylene imine having an 
average molecular weight of about 50,000-60,000 at a temperature of about 
30 20-50°C for about five minutes to give a third primed surface, and 

iv) contacting the third primed surface with an acidic aqueous solution 
of about 0.01-10 wt.%, preferably 0.04 wt.%, periodate oxidized heparin and 
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0 001-1.0 wt.%, preferably 0.004 wt.%. sod.um cyanoborohvdride at a temperature 
of about 50°C for about 0.5-24 hours, preferably 2 hours to give a biocompatible 
surface. 

Preferably, the surface is thoroughly rinsed with denized water between 
5 each of the above listed steps i-iv. Steps i and ii may be repeated as needed. The 
bui c aqueous solutions in steps i and B may be a basic buffer solution such as 
carbonate or borate which provides a P H of about 9. A suitable basic buffer 
solution is 0.3 wt.% borate buffer at P H 9. The acidic aqueous solutions m steps u 
and iv may be an acidic buffer such as a phosphate or citrate buffer which provides 
,0 a P H of about 3-4.2. A suitable acidic buffer solution is 1 wt.% citrate buffer and 
0 9 wt.% suitable sodium chloride at pH 3-4, preferably pH 3.9. 

Surfaces which are particularly well suited for use in the present process 
include polymeric surfaces such as cellulose, polyvinyl alcohol), polyvinyl 
chloride), poWmethyhnethacrylate), polycarbonate, polyurethane, polypropylene, 
15 polysulfone, poryCtetrafluoroethylene), silicone, and polygene terephthalate) as 
well as other surfaces typically u*d in medical devces such as glass and statnless 
steel. 

The above described process is particularly suited to add a novel four part 
biocompatible coating composition to surfaces that will contact blood or blood 

20 products. The coating composition includes a water soluble poryalkylene amme 
crosslmked with a water soluble diepoxide, an anionic compound such as dextran 
sulfate, a poryalkylene amine, and a biologically active or antithrombotic agent. In 
this coating composition, preferred polyalkyiene amines have an average moleouar 
weight of between about 1,000-100,000 and, more preferably, between about 

25 20 000-60,000. A particularly preferred poryalkylene amine is polyethylene imine 
having an average molecular weight of about 50,000-60,000. Preferred diepoxides 
are selected from compounds of the general formula 

A A 

CHj— CH — CH} - Ri CH2 — CH CHj 



PCT/CS96/05893 

WO 9637241 

^re * is -0,CH 3 VO- -d a is « or > ^ 

-rfcuWy Preferred diepoxide is ethviene gtycol fiftddyl -her. ^ 
Locally active or antithrombotic agents include bio.ogicaUy active ougo or 
po^handes containing glucosamine or galactose subgroups such as 
5 Teparin, heparan sulfate, hyaluronic acid, dermaun sulfate, chhosan and acove 
IvatWes of these polysaccharides. A particularly preferred antithrombotic agent 
is heparin or a derivative thereof. 

When the present coating composition is compared with other coating 
impositions that use aldehyde-— g crosslinking agents, it was unexpectedly 
10 found that the present composition provides a surface which is smoother and more 
uniform than the aldehyde-cross linked compositions A smoother, more umfbrm 
^ mav be desirable because smooth, uniform surfaces are less likely to 
promote blood clot or coagulation as compared to a rough, hregular surface of the 
same material. 

Flg ure 1 is a scanning electron microscope photomicrograph of a 
polycarbonate surface treated with a coating composition of the present irrvenuoa 
Figure 2 is a scanning electron microscope photomicrograph of a 
20 polymethylmethacrylate)^^ 



invention. - 

figure 3 is a scanning electron microscope photom,crograph of a 

polycarbonate surface treated with a coating composition contauung a 
glutaraldehyde cross linking agent. 
j 5 figure 4 is a scanning electron microscope photomicrograph of a 

polymethylmethacrylate) surface treated with a coating composition conUinmg a 

glutaraldehyde cross linking agent. 

Flgure 5 is a scanning electron microscope photomicrograph of a 
polycarbonate surface treated whh a coating composition contaunng a 
30 crotonaldehyde cross Unking agent. 
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F,gure 6 is a scanning electron microscope photomicrograph of a 
pohXmethylmethaoylate) surface treated with a coating composition containing a 
crotonaldehyde cross linking agent. 

The present invention provides a process to produce biocompatible or blood 
compatible surfaces. As used in this specification, a "biocompatible or blood 
compatible surface" is a treated surface which, when in contact with a pauents 
blood, plasma, or other body fluids, does not cause an advene physiological 
,0 reaction. Treated surfaces preferably include a "biologically active or 
nonthrombotic agent" is a material which, when in contact with a patient's blood, 
plasma, or other body fluids under physiological conditions, exhibits biological 
activity. For example, heparin is biologically active or nonthrombogenic in the 
sense that it acts as an anti-coagulant in the presence of blood. 
15 According to this invention, both hydrophobic and hydrophflic surfaces are 

first contacted with a mixture of a polyalkylene amine such as polyethylene imine 
and a diepoxide crosslinking agent such as ethylene glycol diglycidyl ether to give a 
surface having an outer layer which is both wettable and positively charged. Next, 
an anionic compound or negatively charged agent such as dextran sulfate is added 
20 to the positively charged surface to give an outer layer which further increases the 
wettability of the surface and also allows the addition of another layer of polyamine 
to the surface Thus, the surface is treated or primed by the sequential treatment 
with three agents: i) polyalkylene amine and crosslink*, 2) dextran sulfate, and 
iii) polyalkyienc amine. 
25 To complete the process, the treated surface is then contacted with an 

antithrombotic agent such as heparin in the presence of sodium cyanoborohydride 
which covatanry binds the agent to the polyalkylene amine. The covalent binding 
of the biologically active or antithrombotic agent to the polyalkylene amine most 
likely occurs when a reactive terminal aldehyde group of the antithrombotic agent 
30 reactswhh. primary amino group of the polyamine. The initial Schiffs base 
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intermedurte is readily reduced to a secondary amme in the presence of a reducing 
agent such as sodium cyanoborohydride. 

Alternatively, the treated surface may be contacted a biologically active or 
nonthrombotic agent having free aldehyde groups (generated, ,.g., by periodate 

5 oxidation) in the presence of a reducing agent such as sodium cyanoborohydnde 
which also covalently binds the agent -to the potyalkylene amine. The covalent 
binding of the biologically active agent to the polyalkylcne amine most likely occurs 
when a reactive aldehyde group of the biologically active agent reacts with a 
primary amino group of the polyalkyiene amine. The Schiffs' base initially fonned 

10 as a result is readily reduced to a secondary amine in the presence of the sodium 
cyanoborohydride. 

in yet another embodiment, covalent binding of the biologically active or 
nonthrombotic agent may also be accomplished using a carbodiimide coupling 
agent, rather than sodium cyanoborohydride, in which case h is not necessary to use 
15 periodate oxidation to generate free aldehyde groups. 

FVAMPLES 

The Mowing examples are provided to further illustrate the practice of the 
present invention. The examples are not intended to limit the invention which is 

20 defined in the appended claims. 

In the examples, the surface-bound concentration of heparin may be 
measured by a thrombin inhibition assay. The inhibition assay exploits the 
observation that thrombin enrymaticalry cleaves a synthetic substrate (S-2238) to 
yield a product whose concentration is proportional to its absorbance at 405 nm, 
and the concentration of product is therefore proportional to the thrombin 
concentration Decreased amounts of product reflect inhibition of thrombin by 
heparin m the presence of excess amounts of anthhrombin-IIL Briefly, the assay is 
performed by adding, in the following sequence, the listed materials to test tubes: 
an unknown sample and 0.05 ml of buffer (where the sample has unknown 
concentration of heparin on the surface), or 0.05 ml of a standard heparin solution, 
1.0 ml of 0.3 mM S-2238, 0.1 ml of antithrombin-m (5 units/ml), and 0.1 ml of 
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rtrombin (0 1 units/ml). The standard heparin solution, (50 microliters) contain, for 
exsmple o 08, 0.04, 0.02, 0.01 and 0.0 microgram, of heparin. The assay is earned 
out « 37-C with overnight incubation in a water bath, with continuous rnixmg. 
Measurements are made on 0.20 ml aliquots taken from the unknown and standard 
5 solutions using microtiter plates and optical density at 405 nm is recorded. The 
optical density values are related to -heparin concentration using the hepann 
standard solutions. 

More specificaUy, the assay procedure is a modification of Chandler et al., 
j Biom ed. Mater. Res., 22:497-508 (1988) which uses the following reagents 
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Antithrombin-III 


Sigma 


5 units/ml 


S-2238 


Kabi 


0.3 mM 


Thrombin 


Sigma 


5 units/ml 


Hanks' Buffer 


Sigma 


0.1 units/ml 




Sigma 


10 units/ml 



15 



20 



Armthronto-m is reconstituted to 5 units/ml with 10 ml deionized distilled 
water and refrigerated at 4<>C. S-2238 is reconstituted to 0.3 mM using 133 ml of 
buffer stock solution of PBS (phosphate buffered saline) with 1 mg/ml BSA (bovme 
^ albumin, Cat. No. A7838, Sigma Chemical Company, St. Louis, MO) and 
1 mg/ml polyethylene glycol (8000 MW, Cat No. P2139, Sigma Chenucal 
Company, St. Louis, MO) and stored at 4'C. Thrombin is reconstituted to 
10 units/ml with 1 0 ml Hanks' phosphate buffered saline and stored at -20°C in 1 ml 
aliquots A 1:100 dilution of thrombin is used in the assay. 

Standard heparin solutions are prepared from the 10 units/ml stock solution 
by aerial dilution. Each new batch of thrombin and/or heparin must be tested to 
^rnadrrmmsemruvity. Representative values of standard heparin sohmons are 
listed in the Mowing table. 
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Standard 


Concentration 


1 


.08 mg/50 ml 


2 


.04 mg/50 ml 


3 


.02 mg/50 ml 


4 


.01 mg/50 ml 


5 


Omg 



10 



15 



20 



To measure absorbence, 0.05 ml of appropriate standards as well as an 
unknown sample having a measured surface area together with PBS/BSA buffer 
(0.05 ml) are dispensed into tubes The following reagents are added to each of the 
tubes, 0.1 ml antithrombin-ni, 10 ml S-2238 and 0.1 ml thrombin, all tubes are 
vortexed and then incubated overnight at 37°C. After incubation, 0.2 ml from each 
tube is added to a well of a microliter plate in duplicate for each tube and optical 
density readings are taken at 405 nM. (All standards and samples are run in 
duplicate, with duplicate optical density readings at 405 nM.) 

T-ffltH^i - Surface Priming 

Polycarbonate (PC, HYZOD, Sheffield Plastics Inc., Sheffield, MA) sheets 
were treated with polyethylene imine having an average molecular weight of 50,000 
(PEL 500 mg, Aldrich Chemical Company, Milwaukee, WI) and ethylene glycol 
diglycidyl ether (EGDE, 500 mg, Aldrich Chemical Company, Milwaukee, WI) in 
0.3% borate buffer at pH 9 for fifteen minutes at room temperature and were then 
treated with a solution of dextran sulfate (100 mg, 500,000 MW, Sigma Chemical 
Company, St. Louis, MO) in 1% citrate buffer and 0.9 wt.% sodium chloride at 
P H 3 for five minutes at 50'C. The treated sheets stained purple with tohridine blue 
which indicates the presence of the dextran sulfate. 

Contact angle measurements using the sessile drop technique done on the 
treated PC sheet after the above steps demonstrated the water wetting ability of this 
process. 



25 
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PC after PH step 
PC after PS step 



42.8 ± 5.8 

21.9 ±12.7 



15 



20 



i****^^ were primed with a borate buffer 

Various substrates ustea m 

,■ K^iedecahydrate in one liter water, justed to pH 9 with 
whition (4.6 g sodium borate decanyoraic , noo0 
. u. . . ~„, fPEL average molecular weight 50,000, 
sodium hydroxide) of polyethylene mnne (PEI, averag 

xf.w.nkee WD and ethylene glycol digr/cidyl etner 
Aldrich Chemical Company, Milwaukee, Wl) ana y 

~ »jni«.iiicee. WD foUowed by a citrate ouner 

(BGDE Aldrich Chemical Company, Milwaukee, wij . 
^ (11 0 a citric acid monohydrate and 9.0 , sodium chlonde . one Uter 
l ^rji 3 0 with 5N sodium hydroxide) of de*ran suHate (average 

After each of the priming steps, the surfaces were 

r.t. means room temperature). Alter w 

thoroughly rinsed with dedonized water. 

^^.^^^ ^^^^ 

After rinsing with water, ine nww . 
AtternnsuiK above) The thrombin inhibition 

using the thrombin inhibition assay (described above). 

assay data is also listed in Table 2. 
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Tirm f. t - Surface T^-t«) Oxygenator 

A Sarns/3M aduh membrane oxygenator (made of polypropylene, 
potycarbonate, and stainless steel, Model 16310, Sams/3M, Ann Arbor, MI) as well 
K the related centrifugal pump (made of polycarbonate and poty(methyl 
5 methacrylate). Model 7850, Sams/3M, Arm Arbor, MI), reservoir bag and tntnng 
(both made of polyvinyl chloride), Sams/3M, Ann Arbor, MI) were treated 
according to the procedure of Example 2, above, to modify the blood contaenng 
surfaces of each part of the system using conditions reported in Table 2 for the 
treatment of polyvinyl chloride) and polycarbonate. 
10 After treating each of the blood<ontacting surfaces of the system, the 

complete system was rinsed whh phosphate buffered saline (pH 7) for two hours at 
37- to remove ionically bound heparin. Wthout this step, it was found that 
ionicaUy bound heparin was eluted into the circulating blood during testing. 

Qualitative blood compatibility was tested using a porcine animal model by 
15 maintaining blood flow through the treated system for a period of three hours. 
During this time, no heparin «s administered to the animal and no hepann was 
duted into the circulation as determined by monitoring coagulation times of the 
animal's blood 

At the end of the initial three hour period, the surface treated oxygenator 
20 was replaced with an oxygenator that had no surface treatment After an additional 
three hour period, the entire system was disassembled and usually examined for the 
presence of thrombi. The surface treated oxygenator showed no signs of thromb, 
except for a few small thrombi on the stainless steel heat exchanger m the 
oxygenator. In comparison, the substantially identical oxygenator that had not been 
25 treated as described above exhibited massive tnrombi formation on aE pans of the 
untreated oxygenator. 



Tmmr u A - *" t ft < * T " Mted Cathgty 

An rNSYTE twenty gauge polyurethane catheter (Deseret Medtcal 
30 IncVBecton Dickenson and Company. Sandy, UT) was treated with the reagents 
iisted in Table 2 for a polyurethane substrate using the listed times and temperatures 
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u thM«- was treated with the buffered solution of 
with the exception that the catheter was treat 

^^--^^^^7^,1 The 

prese nce of heparin on the catheter surface was deiennmed by ** 

5 toluidine blue. 

15 Mhlt,0n ° f ^ , Three different cross linking agent were 

polyethylene inrine and cross linkmg agent. Three am 
JTlnvlene glycol digH-cidyl ether (EGDE), glutaraldehyde (GA, see U.S. Patent 
used, ethylene glyco y ^ 

4,565,740)), or crotonaldehydc (CIA, see u. 
buffer and concentrations are listed in Table 3. 



20 
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Primer with EGDE cross linking agent 
0.005 wt* 70/0.1 wt% EGDE m berate buffer 



0.03 wt% Dcxtran Sulfate in atratc buffer 



0.005 wt% 7EI A}.1 wtV> EGDE in borate buffer 

Prim er with GA cross Unking agent 
0.005 wt S FH/0.5 wt% GA in borate buffer 
0.03 wt% Dextran Sulfate in citrate buffer 



Polycarbonate 
reaction time/temp. 

15 nunTr.t 



5 min-/50*C 



20 



n nrrt wt% FEI/D.5 wtS GA in borate buffer 
Primer with CTA cross linking agent 
0.005 wtS PEIA).OMwt%GA in borate buffer 



15 nua/r.t 



15 mmJt.L 



Poly( methylincth*cryUte ) 
reaction time/temp 

5 mm A t 



5 mm./5<rC 



5min750*C 



D03 wt H Dextrm Sulfate in citrate buffer 
1.005 wtH PEI/0.034 wt% GA in borate buffer 



15 mmJr t 



15min7rx 



5 min-/r.t 



5 min-/r.t 
5 mm-/50*C 



5 inm-/50*C 
15 minJr.t 



5 min-/r.t- 



5 nuWrt 



5nnnJ50*C 

5 minJr.t 



PB - poryethyicoe nmne 
EGDE - ethylene glycol diglyadyl ether 

CT A ll ^^^.b<^b 0to pH9.a«mcbu ffffP H39 

r.L - room temperature 

After prinung, the treated surfaces were examined under a scanning electron 
horoscope Representative views of the various surfaces are ilh«tr*ed » 
Figs 2-6 The photomicrographs Mcate that using EGDE as a cross Hnktng agent 
provided asurf^whichwas different when compared whh the surfaces proved 
^ GA or CTA were used as cross Unking agents. The EGDE-containing surface 
was smoother and more uniform compared to the other surfaces 

It is believed that the particulate material observed in the photomicrographs 
of GA-containing or CTA-containing polycarbonate or poly(rnethyln«thacrylate) 
surfaces is related to a suspension polymerization phenomena. Both GA and CTA 
^ rapidly with amines and may also self-polymerize which tnay result m the 
formation of reactive particulate material m the buffered solutions. The particulate 
serial is then deposited on the surfrc. In a similar experiment polycarbonate 
traces were contacted with the above solutions for five minutes. When the 
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contact time was shorter the amount of observed particulate material was less for 
the GA-contaming surface and not seen for the CTA-containing surface These 
observations indicate that the particulate formation may also be time as well as 
surface dependant. 

5 In contrast to GA and CTA, EGDE is not as reactive and this agent does 

not self-condense or self-polymerize. As a result, EGDE-containing solutions do 
not form particulate material and the photomicrographs of the surfaces treated with 
EGDE-containing solutions illustrate that the resulting surface was comparatively 
smoother and more uniform. 
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20 



25 
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F^- pi. * . fWidiH "T- Attachment to Surface} 

Various substrates listed in Table 4 were immersed in an aqueous solutton of 
polyethylene imine (PE1 0.40 g/400 ml distilled water, average molecular weight 
60 000, Aldrich Chemical Company, Milwaukee, WI) and ethylene glycol dtglycdyl 
ether (EGDE 0.40 g/400 ml distilled water, Aldrich Chemical Company, 
Milwaukee, WI) for fifteen minutes at room temperature and then rinsed 
thoroughly with water. The substrates were then immersed in a citrate buffer 
solution (11.0 g citric acid monohydrate and 9.0 g sodium chloride in one uter 
w«er adjusted to P H 3.0 with 5N sodium hydroxide) of dextran sulfate (0.15 g/ 
500 ml citrate buffer, molecular weight 500,000, Sigma Chemical Company, 
St Louis, MO) for five minutes ami men again rinsed thoroughly with water. 

Following dextran sulfate treatment, the substrates then immersed in in an 
aqueous PEI solution (PEI 0.40 g/400 ml distilled water, average molecular weight 
60,000, Aldrich Chemical Company, Milwaukee, WI) for fifteen minutes at room 
temperature. Following a thorough rinsing with water, the substrates were 
Versed in a solution containing 0.04V. by weight periodate oxidized heparin and 
0.004% by weight sodium cyanoborohydride (Aldrich Chemical Co., Milwaukee, 
WI) in the above-described citrate buffer for two hours at 50°C. 

Periodate oxidized heparin was prepared by dissolving sodium heparin 
(15 g. Diosynth inc., Oncago, IL) and sodium pericyte (1.5 g) in phosphate 
buffered saline (450 ml, pH 7), and then stirring the solution in the dark for one 
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hour Glycnn (15 g) was then added to quench the reacted penodate, after 
whi ch the nature was snrred for one hour and then duuyzed against water (4 umes, 
^ a total of 4 hters of water) usmg 1000 MWCO dsarysis tubing. The d^aWzed 
solution was then lyophiHzed to yield about 8 g of periodate oxidized heparin. 

Follow^ exposure to the periodate oxidized hepann/socbutn 
cyanoborohydride solution, the sample was rinsed thoroughly with water, with 25% 
sahne solution for ten minutes at room temperature to remove any ionically bound 
heparin and then finally rinsed thoroughly with water. Each substrate was tested for 
heparin activity usmg the thrombin inhibition assay (described above). The hepann 
activity resuhs (in ug/cm>) are shown in Table 4. In addition, the presence of 
heparin on all surfaces was confirmed by staining with toluidine blue. 



TABLE 4 



SUBSTRATE 
pt .FYTGLASS Poiyi methyl me 
riFIXrARD Pnrrws polypropylene 



vlatel 



-304 stainless steel 



Pnly (vinyl chloride) 



HYZOD Polycarbonate 



TEFLON Por^twtTafluoroethylenc) 



SCOTCHPAR Pory(ethvlftne terephthalate) 



STI ASTIC Silicone 



HEMOTHANE Porvurethane 



HEPARIN ACTIVITY < 

0.07 
0.08 



i/cm 



0.08 
0.10 



0.06 



tptfpM AT .TJX Polvsulfone 



0.07 



15 *presence 



of heparin determined only by staining with toluidine blue 

Mntrir 1 So TircftS fo r Rufrstnrtf « flf Taple 4 



20 



25 



PLEXIGLASS, Rohm and Haas, Philadelphia, PA 

CELGARD, Hoechst Celanese, Charlotte, NC 

HYZOD, Sheffield Plastics Inc., Sheffidd, MA 

SCOTCHPAR, 3M Company St. Paiu\ MN 

SILASTIC, Dow Corning, Midland, MI 

TEFLON Zeus Industrial Products Inc., Rantan, NJ 

HEMOTHANE, 3M, St. Paul, MN 

StMALUX, The Westlake Companies, Redding, PA 

PoMvinyl chloride), Naigene Company, Rochester, NY 
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fnm \ r 7 - Surftrr Tmff^ Oxygenator 

An oxygenator orcuh as described in Example 3 was treated usng the 
procedure described in Example 6 except that the rinse was 25% aatine aolution was 
omitted This oxygenator circuit wastested as inExample3. During this time no 
5 hepann was administered to the animal and no heparin eluted from the oxygenator 
circuit as determined by monitoring coagulation times of the animal's blood durmg 
^ experiment. At the end of the three hour period the surface treated oxygenator 
and heat exchanger were nearly thrombus free. The retaining parts of the orcutt 
were thrombus free. 

10 
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CLAIMS 

! A process to prepare a biocompatible surface by adding an antithrombotic 
^ t0 the surface in order to inhibit or prevent blood coagulation compnsng the 

steps of , ,. t 

i) contacting the surface with a solution of a water soluble polygene 

^ bavmg an average molecular .eight of between *out 1,000-100,000 and a 
water soluble diepoxide of the formula ~~ 



O A 



where R, is -CMTO-O- and a is 2-3 or b is 2-100 to give a 

first primed surface, . . 

ii) contacting the first pruned surface with a solution of an araotac 

compound to give a second primed surface, 

Ui) contacting the second primed surface whh a aoluuon of a 
poryalkyiene amine having an average molecutar weight between about 

1 000-100,000 to give a third primed surface, and 

W) contacungtr^thirdpHmedsurfacewitha w hzdonof -mthrombooc 

agent and a reducing agent to covalently bi* the antithrombotic agent to the 

primed surface. 

2 A process to prepare a biocompatible surface by adding an antithrombotic 
agent to the surface in order to inhibit or prevent blood coagulation compnsmg the 
steps of: 

i) contacting the surface with a basic aqueous solution of about 
0 001-0 5 wt.% of a w«er soluble poryalkyiene amine having an average molecular 
weight of between about 1,000-100,000 and about 0 .01-1.0 wt V. of a diepox.de of 
the formula 
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d^CH— CHj-R,- O^-d^CHj 



where R, is -0-(CH z ).-0- and a is 2-3 or -{0-CH.CH^-O-and b is 2-100 at pH 9 
at a temperature of between 20-50T for about fifteen minutes to give a first primed 
surface, 

ii) contacting the first primed surface with an acidic aqueous solution of 
0.001-0. 1 wt.% dextrin sulfate at pH 3-4 at , temperature of between 20-50'C for 
about five minutes to give a second primed surface, 

iii) contacting the second primed surface with a basic aqueous solution 
of about 0.001-0.5 wt .•/. of a water soluble polyalkylene amine having an average 
molecular weight between about 1,000-100,000 at a temperature of about 20-50»C 
for about five minutes to give a third primed sur&ce, and 

rv) contacting the third primed surface with an acidic aqueous solution 
of 0.01-1.0 wt. •/. antithrombotic agent and 0.001-1.0 wt. •/. sodium 
cyanoborohydride at a temperature of about 50»C for about 0.5-24 hours to give a 
biocompatible surface. 

3 A biocompatible coating composition comprising 

i) a water soluble polyalkylene amine having an average molecular 
weight of between about 1,000-100,000 crosslinked with a water soluble diepoxide, 

ii) dextran sulfate, 

iii) polyalkylene amine having an avenge molecular weight of between 
about 1,000-100,000, and 

iv) an antithrombotic agent 
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4. The composition of claim 3 wherein the water soluble diepoxide is selected 
from the group consisting of compounds of the formula 



O /\ 
CH 2 -CH— CH 2 -Ri- CHz-CH— CH 2 



where R, is -CMCH^.-O- and a is 2-3 or ^HrCH^-O-and b is 2-100. 

5 The composition of claim 3 wherein the antithrombotic agent is selected 
from the group consisting of heparin, heparan sulfate, hyaluronic acid, dermatan 
sulfate, chhosan and derivatives thereof. 

6 . A medical article having a nomhrombogenic surface comprising a 
biocompatible substrate and an anthhrombogenic coating comprising 

i) a water soluble poryalkylene amine having an average molecular 
weight of between about 1,000-100,000 croislinked with a water soluble diepoxide, 

ii) dextran sulfate, 

Hi) polyalkylene amine having an average molecular weight of between 
about 1,000-100,000, and 

jv) an antithrombotic agent. 

7. The medical article of claim 6 wherein the water soluble diepoxide is 
selected from the group consisting of compounds of the formula 

d£-CH— CH 2 -R I -CH 2 -d^CH 2 
where R, is -0-(CH:),-0- and a is 2-3 or KO-CH.CrfcVO-and b is 2-100 
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8 Th e article of claim 7 wherein the antithrombotic agent is .elected from the 
group consisting of heparin, heparan sulfate, hyaluronic acid, dermatan sulfate, 
chttosan and derivatives thereof and wherein the surface is selected from the group 
consisting of cellulose, polyvinyl alcohol). polyvinyl chloride* 
poKXmethvtaethacrylate), polycarbonate, potyurethane, polypropylene, polysulfone, 
poWtetrafluoroethylene), silicone. pory(ethviene terephthalate). glass and stainless 
steel. 

9. In a process for preparing a biocompatible surface by covalenthy binding an 
antithrobmotic agent to a polyalkylene amine on the sur&ce wherein the 
improvement comprises priming the surface with a solution of a water soluble 
polyalkylene amine and a water soluble diepoxide of the formula 

O X 
CfHb-CH— CHj-Rr- Ofc-CH— 

where R, is -CMCH^.-O- and a is 2-3 or -(O-CH^CH^-O-and b is 2-100. 
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